Introduction
Physicians must become effective healthcare leaders in order to influence the care of individual patients, the performance of diverse clinical teams, and the direction of major healthcare organizations and beyond. The importance of effective healthcare leadership is difficult to overestimate as leadership not only improves major clinical outcomes in patients, but also improves provider well-being by promoting workplace engagement and reducing burnout. [1] [2] [3] [4] [5] We define the ability to influence as the foundation of our definition of healthcare leadership: Healthcare leadership is the ability to effectively and ethically influence others for the benefit of individual patients and populations.
Over the last ten years, we have created, implemented, and refined several undergraduate medical education (UME) and graduate medical education (GME) leadership development educational programs. We have found that medical students, residents (synonymous with junior registrar), and fellows (postgraduate trainees; synonymous with advanced specialist registrar) are exposed to little intentional education to prepare them for their current and future personal and professional leadership challenges. Importantly, from a developmental and educational perspective, omitting topics such as leadership in medical education "is a powerful, if unintended signal, that these issues are unimportant". 6 Our programs are not designed to prepare individuals for specific leadership roles. Rather, they facilitate individuals' learning and development of leadership skills that will prepare them to influence many facets of life, including healthcare.
We have found that leadership models are extremely helpful for learners to grasp new concepts, make sense of lessons learned through their experiences, afford structure that facilitates lasting comprehension through reflection, and provide a basis for learner assessment and program evaluation. 7 In the formative years of our programs, we used business leadership models as the foundation to teach leadership skills. Our review of other leadership development schools and professions (for example, the Wharton School of Business -University of Pennsylvania, the Fuqua Business School at Duke University, the United States Service Academies, and the Department of the Army) were helpful, yet they lacked emphasis on subtle aspects unique to healthcare leadership. We then looked for explicit healthcare leadership models and found that few existed. Further, none seemed to facilitate effective leadership learning in UME and GME.
Our inability to find an appropriate healthcare leadership model led us to create a leadership model specific to healthcare. This model needed to be based on competencies that were recognized as the most important attributes for effective healthcare leadership. The purpose of the paper is to present the research process that resulted in the Duke Healthcare Leadership Model, as shown in Figure 1 .
Methods
The study was a mixed method study using a modified concept mapping approach to derive, prioritize, and thematically structure the fundamental competencies of healthcare leadership. Concept mapping is a mixed methods approach that combines qualitative group processes such as brainstorming and interpretive sorting with rigorous quantitative data analysis to produce a visual depiction of the composite thinking of the group. This process of structured conceptualization has been used to address complex issues in healthcare, and provides a framework that can guide action planning, program development or evaluation and measurement. 8, 9 We used a comprehensive literature review and focus groups to develop a set of statements that described healthcare leadership competencies. Next, we implemented a card sorting task, followed by analysis and interpretation. Finally, we created and refined a graphical representation of healthcare leadership. These successive steps are illustrated in Figure 2 and will be explained in more detail in following sections. The study was approved by the Duke Health Institutional Review Board after it was determined to be exempt from full review. Participation was voluntary, and informed consent was not required.
Literature review
Building upon our prior meta-analysis exploring leadership curricula used to teach medical students, we performed an updated literature search and review of existing leadership models. 10 Information gleaned was used to develop semistructured focus group interview questions, a list of common healthcare leadership attributes, and a script to be used in focus group discussions.
Focus groups
Participants were recruited to collect expert opinion on the leadership competencies required of a healthcare leader in any environment. Each focus group lasted approximately two hours, and was led by the same team of moderators. Moderators used the script developed from the semi-structured focus group interview questions to lead the discussions. One of the moderators took notes of the comments from the group members and from subsequent debriefing sessions. The focus groups were also asked to critique the leadership attributes identified from the literature. Participants were asked to rank the top 10 attributes required of a healthcare medical leader. The focus group data were analyzed through constant comparison analysis by identifying common themes through saturation within each group and across groups. An initial set of competency statements was derived and further refined by eliminating duplication and targeting specifically for healthcare settings. The resulting competency statements formed the basis for the quantitative card sorting and cluster analysis.
card sorting task
The sorting procedure was administered online with the open source program FlashQ. 11 Following an introduction with instructions, participants were presented with the focus group leadership competency statements in random order and asked 
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Hargett et al to sort them in order of importance based on their individual point of view. More specifically, participants were asked to rate the relative importance of each leadership attribute based on its value or importance in contributing to effective leadership performance in real-world clinical situations. During the sorting process, participants placed one unique statement in each box on a grid with a fixed quasi-normal distribution.
Competency statements could be allocated to a ranking position ranging from +5 (most important) to −5 (least important).
Respondents could change the placement of cards until the final positioning of all statements reflected their ranking of the statements relative to each other in importance. After completing the card sorting, participants were asked to provide their rationale for placing the competency statements at the extreme ends (+5 or −5 columns) of the sorting grid. All responses were anonymous, though respondents could elect to enter demographic data, including sex, current role, and leadership experience.
Hierarchical cluster analysis
Demographic data and importance scores were calculated using descriptive statistics. All data were analyzed with JMP Pro 13.0 (SAS Institute Inc., Cary, NC, USA). Cluster analysis is a statistical technique to find similar groups of cases in a data set and is particularly useful in the development of a classification or conceptual scheme. Hierarchical cluster analysis (Ward's method, squared Euclidean distances) was used to classify leadership competency statements based on the similarity of individual sorting responses of each participant. Guided by the dendrogram and agglomeration schedule, investigators (CWH, JPD, DCT) determined the final number of clusters by consensus and based on the criterion that the clusters should reflect meaningful, distinct domains related to effective leadership in a healthcare setting.
Mixed methods analysis
We analyzed the quantitative data in conjunction with the qualitative data obtained from the focus group discussions and the statements provided by card sorting participants. This mixed methods analysis helped us define the primary healthcare leadership competency themes. Earlier versions of the model originated within our Feagin Leadership Program and the Leadership Education And Development (LEAD) Curriculum, which are internal initiatives within our UME and GME programs. The initial models were refined based on input and feedback obtained from multiple faculty, house staff, and residents over a three-year period.
Results

Literature review
The literature review found that healthcare leadership is a skill that must be [12] [13] [14] and can be [15] [16] [17] intentionally taught. Further, the literature review provided information on healthcare leadership attributes and content [18] [19] [20] [21] [22] [23] [24] [25] that we used to guide the discussion to the semi-structured focus group interview questions. Thirty-nine healthcare leadership attributes were identified and used to determine the competency statements in the focus groups.
Focus groups
Three focus groups were carried out with a total of 19 participants, many being clinical faculty with administrative or leadership roles. From the 39 healthcare leadership attributes identified through the literature review, the focus groups' work led to a set of 33 competency statements that represent important aspects of healthcare leadership (Supplementary material). These statements formed the basis for the card sorting task. Each one of the statements:
1. Described some of the fundamental knowledge, skills, or attitudes related to leadership (influencing others) in a healthcare setting 2. Represented the basic competencies that may be demonstrated by successful physician leaders, regardless of their work setting 3. Described the knowledge, skills, and attitudes that combine to enable residents and fellows to demonstrate behaviors that help assure effective leadership performance in real-world clinical situations
In addition to identifying the statements for our quantitative card sorting task, the focus groups also provided important qualitative data. All three focus groups emphasized that Patient Centeredness and Selfless Service are two competencies essential to effective healthcare leadership. Further, each focus group emphasized that Patient Centeredness was essential to any healthcare leadership model as this principle differentiated healthcare leadership from leadership in other fields.
card sorting task
Approximately 200 faculty (attending physicians and nonphysician professionals) and learners (medical students, residents, and fellows) were recruited via email to participate in the card sorting exercise. Ninety-two participants responded (46 percent) (22 medical students, 29 physicians-in-training, 25 attending physicians, and 16 non-physician professionals). Table 1 presents a basic summary of the participants in the card sorting task. Table 2 summarizes the mean values for importance of the top competency statements.
Hierarchical cluster analysis
Through hierarchical cluster analysis, the competency statements fell into five domains. We labeled four of the domains based on the predominant themes of the competency statements in those domains: Integrity, Teamwork, Critical Thinking, and Emotional Intelligence. A fifth domain comprised a set of low-rated competency statements for which no unifying theme could be identified (Figure 3) . Fundamental leadership domains with mean importance scores for each leadership competency statement are presented in Table 3 .
Mixed methods analysis
Mixed methods analysis of the quantitative and qualitative data resulted in two additional competency themes for the healthcare leadership model. We used the qualitative input from the focus groups and the card sorting comments to separate Patient Centeredness and Selfless Service from the Emotional Intelligence domain (Figure 3 ). The focus group affirming that Patient Centeredness is a unique, defining component found in effective healthcare leaders was confirmed through feedback and experience we received when testing early versions of the model in leadership education settings. We concluded that Patient Centeredness is more than a competency for healthcare leadership; it is a core principle.
We also identified the highly rated statement of "Communicating Effectively" (originally clustered in the Integrity domain) as essential to each domain, and not a separate competency. Similarly, "Pursuing Excellence", although highly rated and part of the Critical Thinking domain, is a statement that is an aspirational goal and, as such, a part of each competency.
Finally, we modified the graphic representation of the model based on its use in teaching students, residents, and fellows, along with the feedback we received from these learners and faculty. The resulting model (Figure 1) features that the central core principle of Patient Centeredness is surrounded by the overlapping five core competencies. We recognize Emotional Intelligence 26, 27 as the core competency that holds the other competencies together, and therefore it is positioned as the "keystone" in the model; if Emotional Intelligence is removed, the model will crumble. Integrity and Selfless Service are intentionally positioned at the base of the model; although they may be difficult to teach, they are extremely important to effective healthcare leadership and must be recognized and emphasized as essential "foundational" core competencies. Critical Thinking and Teamwork are positioned as the "framework core competencies", holding the model together and overlapping with the other three competencies. 
Discussion
From curricular, pedagogical, and assessment perspectives, a model serves as the foundational starting point for learning and as an organizing framework for the developing leadership curricula. The model presented here addresses this need. We used a concept mapping approach to create a model specific to the needs of learning in healthcare leadership. Our model was developed based on a comprehensive literature review, focus groups, concept mapping, and hierarchical clustering. Each of the 33 competency statements is an important concept of healthcare leadership. Our methods determined which statements were most important and which coalesced into themes. We began with an initial model that had been drafted within our UME and GME leadership programs (the Feagin Leadership Progam and LEAD Curriculum). Those initial drafts were further refined over a three-year period based on feedback we received from numerous people within our institution with varied levels of 
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Hargett et al healthcare experience and training (faculty, fellows, residents, students, administrators, and non-physician educators). That input led to a model that has face validity, is well accepted, and can be used in pedagogical processes that help all of us learn to be better leaders.
Recent literature emphasizes the importance and need for the intentional, explicit promotion of leadership development curricula and training in medical education. [28] [29] [30] [31] Clearly, leadership development education should be intentional and not informal or implicit. The model presented here provides a framework for intentionally teaching leadership skills in healthcare education.
There continue to be efforts to appropriately characterize "content" 32 and define competencies. 33 Sonnino argues for two dozen competencies, the most important of which are finances and economics, emerging issues and strategic planning, personal professional development, adaptive leadership, conflict management, time management, ethical considerations, and personal life balance. 34 Seven of those eight align well with our model; we would argue that finances and economics are more managerial skills and context dependent. Further emphasizing the significance of leadership development in postgraduate medical education, in 2015 the Canadian residency CanMeds competency framework replaced their role of "manager" with that of "leader".
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There are several limitations to our study. Foremost, model creation is not an exact science. Our mixed methods approach involves subjective interpretation of how to organize overlapping concepts. For example, communication could be considered a separate competency. Instead, we chose to include communication as essential for all core competencies -learning to communicate better enables one to be better at each healthcare leadership competency. Others' subjective assessments may have led to different interpretations.
This model is also derived from research done at a single institution, and as a result may not be generalizable to other settings. We do not suggest that ours is the only or best healthcare leadership model. It is offered as a model that others can use and refine for their own environments. The methods we describe can serve as a guide if others desire to create their own institutionally specific model. Nonetheless, this model has guided our teaching of skills and concepts that lead to improved competency in areas recognized as essential for effective, ethical healthcare leadership. It has subsequently led to an assessment of learners and an evaluation of our programs.
Models are most useful when validated. Preliminary validation of our model is complete. Our group is committed to re-validate the model in more diverse and larger healthcare settings. Our next steps involve developing, refining, and validating an evaluation instrument that assesses the competencies and core principle in the model. This work is underway through the Health Evaluation Assessment of Leadership.
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Conclusion
We designed a leadership model specific to healthcare using concept mapping. The research led to a model based on the core principle of Patient Centeredness and core competencies of Emotional Intelligence, Integrity, Selfless Service, Critical Thinking, and Teamwork. We have found this model useful for teaching leadership skills, and are currently designing a relevant evaluation instrument.
17. Developing Self-awareness -being aware of one's own values, principles, and assumptions 18. Fostering Vision -developing an organizational vision, communicating that vision, and embodying its principles 19. Developing and Implementing Strategy -integrating and aligning plans, resources, and people to achieve goals 20. Managing Self -organizing and self-regulating actions and emotions 21. Serving Selflessly -ability to put others' needs before one's own; demonstrating great concern for common good/other people 22. Continuing Personal Development -learning through continuous professional development and being open to feedback 23. Managing Resources -knowing what resources are available and using one's influence to ensure that resources are used efficiently and safely, reflecting the diversity of needs within given populations 24. Cultivating Personal Resilience -ability to cope with demanding situations 25. Applying Knowledge and Evidence -the ability to translate research and evidence-based practice in order to optimize outcomes 26. Maintaining Personal Balance -prioritizing activities to maintain mental and physical health 27. Having A Strong Knowledge Base -being an expert in a given field and demonstrating mastery of core knowledge 28. Facilitating Transformation -actively contributing to positive change 29. Evaluating Systemic Impact -measuring and evaluating outcomes; taking corrective action where necessary 30. Understanding Situational Context -seeking broader perspectives on problems; understanding community and stakeholders perspectives 31. Developing Networks -developing professional connections with stakeholders inside and outside the institution 32. Understanding Community Impact -having awareness that decisions about patient care impact population health 33. Understanding Historical Context -being aware of the history, culture, and traditions of the institution and including these in decision-making
